Background & objectives: Sustainability of free antiretroviral therapy (ART) roll out programmes in resource-limited settings is challenging given the need for lifelong therapy and lack of effective vaccine. This study was undertaken to compare treatment outcomes among HIV-infected patients enrolled in a graduated cost-recovery programme of ART delivery in Chennai, India.
Highly active antiretroviral therapy (HAART) has revolutionized the management of HIV by suppressing viral replication and prolonging survival [1] [2] [3] [4] [5] . Data from the uS and Europe suggest that current survival of treated HIV-infected persons is comparable to the general population at least in the initial five years after the initiation of ART 6 . Initially HAART was expensive and inaccessible to about 85 per cent of HIV-infected persons living in the developing world 7 . The introduction of free antiretroviral therapy (ART) rollout programmes by national governments and programmes such as the President Emergency Plan for AIDS Relief (PEPFAR) have greatly improved access to HAART in the developing world. At the end of 2011, 8 million people were estimated to be receiving ART in low-and middle-income countries 7 .
Despite the success of these programmes, several factors ensure that the number of people requiring HAART will continue to grow. First, there is a continued lack of effective prevention measures; in 2007, for every two patients initiated on HAART, five new infections occurred 8 . Additionally, recent data from randomized clinical trials, observational and simulated studies suggest that patients should be initiated on HAART at higher than currently recommended CD4 counts to maximize survival and secondary prevention benefits of HAART [9] [10] [11] [12] [13] [14] . As more people require HAART, sustainability of programmes to provide lifetime ART to a patient free-of-charge is questionable especially with agencies such as the Global Fund to fight AIDS, TB and Malaria (GFATM) reporting a deficit in funds 15 .
India is home to approximately 2.3 million HIVinfected persons, and HAART has been available free-of-charge via the Government of India's (GOIs) programme since 2004 16, 17 . As of December 2010, about 385,000 persons have been initiated on HAART via ART programmes in the government and the private sector combined 17 . In 2008, there were about 50,000 patients on ART in the private sector 18 . Assuming an annual cost of uSD 200 (` 11,000) for a first-line regimen 19 and approximately 300,000 persons receiving ART in the government ART sector, the GOI currently spends about uSD 60 million (`328 crores) per year on ART.
The YR Gaitonde Centre for AIDS Research and Education (YRGCARE) medical center is located in Chennai, India, and has initiated over 4,500 patients on HAART. In 2005, as part of a grant from the GFATM, YRGCARE initiated a graduated cost recovery (GCR) programme for HAART delivery in which HAART costs are distributed across economic strata such that high-income groups subsidize HAART expenses for low-income groups. The objective of this analyses was to describe the immunological outcomes of 1,754 HIVinfected patients who received HAART through this programme between 2005 and 2008 at YRGCARE, Chennai.
Material & Methods
Study setting: YRGCARE is a not-for-profit, nongovernmental organization established in 1993 and is among the largest providers of HIV care in the Indian private sector. YRGCARE is not a government recognized free ART rollout center; therefore, patients must pay for their medications out-of-pocket. In 2004, YRGCARE was awarded a grant by the GFATM (Round II Objective III) to implement a graduated cost recovery (GCR) model of HAART delivery, which was initiated in February 2005.
Study population:
The study population comprised a subset of patients on HAART at YRGCARE. The criteria for inclusion in the GCR programme were modified once during the course of the programme. scores 281-400. Patients were also asked about their willingness to pay for their medications and were given four options: 0, 50, 75 or 100 per cent of their medication costs. If the patients' willingness to pay was higher than what was determined by the survey, the patients' tier was modified to the higher payment category. After these cut-offs were established, the instrument was administered to another 200 consecutive patients; validity was assessed by comparing the proportions in each tier among the first 100 to the next 200.
YRGCARE established an arrangement with the pharmaceutical companies in which antiretrovirals (ARVs) were provided to the YRGCARE pharmacy at 60 per cent of the MRP for the GCR programme. Based on this price reduction, it was estimated that to provide a particular ART regimen (e.g. stavudine plus lamivudine plus nevirapine or zidovudine plus lamivudine plus efavirenz) free-of-charge to 20 per cent of patients and recover 100 per cent of the cost price for that particular regimen, 20 per cent of the patients had to pay 50 per cent of the MRP, 40 per cent of patients had to pay 75 per cent of the MRP, and 20 per cent had to pay 100 per cent of the MRP for the same regimen. Accordingly, patients initiating each regimen were distributed at a ratio of 1:1:2:1 across tiers 1, 2, 3 and 4 (depending on the results of their GCR survey), respectively. The block size for recruitment for each regimen was 100, permitting 20 patients to get medications for free, 20 for 50 per cent of MRP, 40 for 75 per cent of MRP and 20 for 100 per cent of MRP. If certain tiers within a block were filled up, patients who qualified for the same tier had to wait until that block was completely filled and a new block for the same regimen became available. The survey instrument was re-administered annually to assess changes in patients' ability/willingness-to-pay, with appropriate modification of tiers.
All patients registered in the GCR programme were monitored with complete blood counts, liver function tests, and CD4+ cell counts, which were performed free-of-charge every three months for all enrollees regardless of tier. Physician consultation costs were also waived. The costs of the monitoring tests and physician costs were covered under the GFATM grant. Prior to the implementation of the GCR programme, nearly all patients had to pay MRP for antiretrovirals at the YRGCARE pharmacy as well as monitoring tests and physician consultations. A small number of patients below the poverty line were provided ART free-of-charge by means of independent donations from private donors; these patients were not included in the analysis. Thus, no patients experienced an increase in the cost of their medications as a result of their participation in the programme. The provision of free monitoring tests and waiver of consultation of fees were included as incentives for the enrollment of tier 4 patients (100% MRP), the only tier for which the cost of ART did not decrease after implementation of the GCR programme.
Statistical analysis: Data were extracted from a comprehensive electronic health management system database available at YRGCARE. This database contains information related to GFATM enrollment, demographic and risk behaviour information from the time of diagnosis of HIV infection, HIV natural history data [e.g. CD4+ cell counts, body weight, opportunistic infections (OIs)] and additional laboratory information (e.g. haemoglobin). Differences across tiers at baseline were compared using the Kruskal-Wallis test for continuous variables and the Chi-squared test for categorical variables.
Linear regression was used to characterize predictors of changes in the CD4+ cell count per month on HAART (slope) after enrollment in the GCR programme. The regression model incorporated generalized estimating equations (GEE) to account for repeated correlated measurements within individuals over time; the exchangeable correlation structure was specified. The primary exposure of interest is expressed as an interaction between the GCR programme tier and time on HAART. This interaction term was included to account for the fact that patients were enrolled into the GCR program at varying points after initiation of therapy. Time on HAART was stratified according to the biphasic CD4+ response that was observed when HIV-infected patients were initiated on HAART: <3 months, during which a rapid increase in CD4+ cell count is observed due to increases in the number of memory and naïve CD4+ T-lymphocytes; 3-18 months, in which a less dramatic increase in CD4+ cell count is expected that can be attributed to increases only in the naïve CD4+ T-lymphocytes; and >18 months 21, 22 . Thus differences across the programme tiers were expressed separately for the three different strata of time since HAART initiation. For ease of comparison, the reference was changed such that within each time on HAART stratum, immunological response could be compared among tiers 2, 3 and 4 to a single reference. A sub-analysis restricted to those individuals who initiated ART after the GCR programme (n=244) was also conducted. Two sensitivity analyses that included proportion of patients with CD4 cell count >200 cells/ μl and >350 cells/μl as the outcome were performed and logistic regression was used with generalized estimating equations. Results did not differ by payment tier (data not shown).
Because there were only a few individuals in the <3 month stratum, the minimum detectable difference in CD4 slope was calculated across tiers given several parameters. We assumed the actual observed sample sizes within each stratum, a two-sided alpha=0.05, 80 per cent power, a standard deviation of 20 cells/ µl and a correlation within individuals of 0.4-0.7. All statistical analyses were performed using Intercooled STATA Version 10.1 (College Station, TX, uSA).
Results
The distribution of the 1754 patients was as follows: tier 1: n=371; tier 2: n=338; tier 3: n=693; tier 4: n=352. The median age was 34 yr [interquartile range (IQR): 30-40]. 73 per cent were male, and the predominant mode of HIV transmission was heterosexual. Persons were registered at YRGCARE for a median 16 months prior to enrollment in the programme. Of these, 1505 (86%) were on HAART prior to enrolling in the programme, and the remaining initiated HAART through the programme. The median CD4+ cell count at the time of HAART initiation was 188 cells/µl (IQR: 99-352), and 606 (60%) patients were classified as WHO stage III/ IV. The median follow up time after enrollment into the GCR programme was 11.1 months (IQR: 5.2-21.5).
Persons in higher tiers (who paid more for medications) tended to be older and were more often male (Table I) . Persons in higher tiers were also more likely to have initiated HAART prior to the programme, but this difference was not significant. Those in higher tiers also tended to have higher CD4 cell counts, lower WHO disease stage, higher haemoglobin levels and body weight (P<0.0001) compared to those in lower tiers. Persons who paid more for their medication were also more likely to be on a protease inhibitor (PI)-based regimen.
Changes in CD4 cell count after enrollment in the cost-recovery programme: The mean increase in CD4+ cell count within the 1 st three months of HAART was 50.3 cells/µl per month in tier 1 (95% CI: 35.9, 64.7). Compared to those in tier 1, persons in tiers 2, 3 and 4 had comparable increases (49.7, 57.0, and 50.9 cells/ µl per month, respectively). After this initial period, increases in all groups were comparable for both 3-18 months and >18 months (Figure) . When analysis was restricted to those who initiated HAART after being enrolled in the GCR programme, results were similar (data not shown).
In univariate analysis comparing the rate of change in CD4+ cell count over time (cells/µl per month), no significant difference was observed across tiers regardless of the time since HAART initiation (Table II) . Other factors significantly associated in univariate analysis with change in CD4 count included initiating HAART through the GCR programme and CD4 count at the time of initiation. In a multivariate analysis that adjusted for these factors and other factors deemed important a priori, there was still no significant difference in the rate of CD4 increase by tier, after accounting for the fact that persons were at different stages in their treatment trajectory. For example, between 3-18 months after HAART initiation, compared to those in tier 1, persons in tier 2 gained 2.42 more cells/µl per month (95% CI: -2.05, 6.90), persons in tier 3 gained 1.67 more cells/µl per month (95% CI: -1.56, 4.89) and those in tier 4 gained 0.34 more cells/ µl per month (95% CI: -3.70, 4.38). After adjustment, only higher CD4+ cell counts at initiation and female gender remained significantly associated with CD4 change. Further, when the analysis was limited to individuals who initiated HAART after enrollment into the GCR programme, no significant differences were observed in CD4 gains across tiers (Table II) .
Discussion
The GCR programme at YRGCARE stratified patients into tiers according to their ability to pay. These preliminary data of comparable immunological outcomes across tiers suggest that out-of-pocket payment programmes tailored to address disparities in income may be a feasible way to deliver HAART to HIV-infected persons in resource constrained settings.
The majority of ART programmes worldwide are free rollouts through the local government and/or via organizations such as PEPFAR in collaboration with the local government and/or other organizations such as Médecins sans Frontières (MSF). The gains experienced by patients across all tiers in our programme were comparable to those observed in those programmes, which provide medication free-of-charge 5, [23] [24] [25] [26] [27] [28] . For example, a study from Malawi observed that among 1266 patients receiving HAART, the median increase in CD4+ cell count over 8 months was 165 cells/µl 23 . A study of the national programme in Nigeria involving 50,000 patients observed increases in CD4+ cell count from 260 cells/µl at initiation of HAART to 370 cells/ µl 6 months after initiation 24 . An analysis of patients receiving HAART through the MSF programme in Cambodia reported gains in CD4+ cell count of 101 and 154 cells/µl at 6 and 12 months post HAART initiation 25 . The gains in CD4+ cell count in this programme were also comparable to the government of India's free ART rollout programme: 6 months-142 cells/µl and 12 months-184 cells/µl 5 .
The primary difference between these programmes and our programme was cost of the programme. Costs associated with the implementation of our programme essentially included salaries for the physicians, nurses, counselors and interviewers, the laboratory costs associated with monitoring of therapy and operational costs. The cost of HAART itself was cross-subsidized across the various tiers; therefore, there were no costs associated with the medications. Operational costs (utilities, accounting, administration, site-maintenance, etc.) were covered by the GFATM grant. Free ART rollout programmes also incur the costs described above including operational costs -additionally, these would also require the full cost of purchasing antiretrovirals. Assuming that a first-line regimen costs approximately `11000 (uSD 200) per patient per year 19 , delivering HAART free-of-charge to the 1,754 patients included in this analysis would have cost an additional ` 1.9 crores (uSD 350,800) per year. Assuming this model was expanded to include all patients enrolled in the GOI's free HAART roll out programme (n~300,000), the cost-savings associated with crosssubsidizing the medications would be `328 crores (uSD 60 million) per year. Costs savings could be several orders of magnitude higher if early initiation of treatment becomes the norm (e.g. all persons with HIV are started on treatment regardless of CD4 cell count) as suggested by the HPTN 052 trial 14 . Future analyses should more formally evaluate the costeffectiveness of such programmes. 25.9) 0.64 25.6) Table. We included terms for HAART, GCR tier and an interaction between time on HAART and GCR tier. For ease of interpretation, multiple reference categories have been assigned. ** Analysis restricted to persons who initiated HAART after enrollment in the GCR programme
It is important to note that there are certain limitations to this model of ART delivery. First, the ratio of 1:1:2:1 must exist among patients paying 0, 50, 75 and 100 per cent, respectively, of the MRP for each particular regimen. Given that the large majority of the patients accessing care in the free ART programmes and government ART dispensaries fall below poverty line, this model may be difficult to implement. A possible strategy in India would require collaboration between the public (free government roll out where lower-income and impoverished populations access care) and private sectors (wealthier patients who pay out-of-pocket).
Currently, different pharmacies serve the private and public sectors, but if common clinics/pharmacies could be established to provide ART to both groups, more high-income patients could be reached, and such a ratio may be attainable. This would require establishment of public-private partnerships for ART delivery.
Second, patients across all tiers should purchase, procure and take their medications in a similar fashion. If there were differences in regular access or adherence to therapy across tiers, the cost recovery mechanism would fail. In depth counselling on the importance of adherence and avoidance of treatment interruption is critical. Third, long-term outcomes of this programme need to be evaluated, especially as patients begin to fail first-line regimens. The costs of second-line regimens are several orders of magnitude higher than those of first-line regimens. Patients who are able to pay the entire cost of a first-line regimen may not be able to pay the cost of a second-line regimen. However, the cost of second-line regimens remains a major barrier in free HAART programs as well 29, 30 further highlighting the importance of adherence counselling and treatment literacy among HIV-infected persons.
The major limitation in this analysis was the lack of HIV RNA data, the gold standard for measurement of treatment response 31 . However, at YRGCARE, as is the case in most resource-constrained settings, the cost of viral load testing [`5000 (uSD 100) per test] puts it out of reach for most patients on HAART. It is important to note, however, that the primary objective of this analysis was not to compare the efficacy of the GCR model of ART delivery against other free roll out programmes but rather to compare treatment outcomes across four different tiers of patients within the GCR programme. As patients across tiers were of the same ethnicity, were all likely infected with HIV subtype C 32 and were exposed to similar ART regimens, one would expect that immunologic-virologic discordance would be comparable across tiers. Thus, it is possible that our finding of comparable immunologic responses is further reflective of similar virologic response 33 . But CD4 count still remains a strong predictor of risk of AIDS-related conditions and mortality among patients on HAART
34
. The lack of any formal measure of adherence in this programme was an additional limitation. One further limitation was not having a substantial number of patients who initiated HAART after enrolling in the programme -thus, power to detect differences across tiers for the first three months after HAART initiation was limited. While we had 80 per cent power to detect differences in gains of ±5 cells/ month in the other strata (3-18 months and >18 months), we had 80 per cent power only to detect differences of ±20 cells/month in the <3 month strata both because of the small time window and the limited number of patients who initiated HAART after the programme. However, most of the differences observed did not appear to be clinically significant. Finally, a limitation of the GCR instrument itself was the possibility of under-reporting of income, as documentation was not required. However, under-reporting of income would have been similar across all four tiers.
In conclusion, this GCR model of HAART delivery was associated with significant CD4 increases with no observable differences based on how much patients were able to pay. Given the lack of effective prevention measures and the disproportionate rate of new infections compared with persons being initiated on HAART, the long-term sustainability of free HAART programmes will be challenging. Our data suggest that a cost-recovery model may be a feasible alternative; more observational and modelling exercises are needed to evaluate the role of such a GCR programme in the delivery of ART in the developing world.
